The DNase I sensitivity of chromosomal DHA regions carrying integrated proviral genomes of Moloney (M-MuLV) and AKR Murine Leukemia Virus (AKR-MuLV), and the cellular homologue of the mos-gene (c-mos) of Moloney Sarcoma Virus (MSV) vere studied in tumor tissues of leukemic mice. The genetically transmitted sequences of M-MuLV, AKR-MuLV, and the c-mos gene are all in DNase I resistant chromatin conformations in M-MuLV-induced tumors. Each M-MuLVinduced tumor contained at least one somatically acquired integrated recombinant MuLV genome that displayed two main characteristic features of active chromatin: a) a configuration hypersensitive to DNase I, and b) extensive hypomethylation. DNase I hypersensitive sites were mapped at the junction of cellular sequences and the 5'-viral large terminal repeat (LTR). Expression of a recombinant MuLV seems therefore to be a necessary feature to maintain the transformed state.
Although Balb/Mo, Balb/c and AKR mice carry AKR-MuLV as an endogenous provirus (It, (8) (9) (10) , the expression of this virus is seen occasionally later in life of Balb/c mice (Ik). Apparently, the expression of the AKR endogenous provirus is under strong host control in these mice in which the Fv-1 locus could well play a major role (15.16) . (2, 5) . This vould favor a model which defines a recombinant provirus as a prerequisite for the onset and maintenance of the transformed state. No common integration sites, providing a promoter for neighbouring cellular sequences (as observed for ALV in ALV-induced tumors in birds; [17] [18] [19] have been detected so far.
If the expression of a recombinant proviral genome is required for the maintenance of the transformed state then at least some of the reintegrated genomes are expected to be localized in active chramatin regions. Several DNase I probing studies of chromatin have provided convincing evidence that "active" chromatin has an altered, more accessible configuration (20, 21 ; for review see -22) . The sensitivity to DNase I has been correlated with the commitment or competence to synthesize a given gene product (21, 23) . Furthermore, chromosomal domains active in transcription have been identified as contiguous chromosomal structures exhibiting high and moderate DNase I sensitivity (20, 21) . DNase I hypersensitive sites have been detected almost exclusively at the 5'-ends of potentially active genes (21, (23) (24) (25) (26) and probably reflect exposed DNA sequences which are essential for gene activation (23, 27) .
We have analyzed the preferential sensitivity of viral genomes for DNase I. 
Preparation of cell nuclei
Nuclei were isolated by a procedure modified from those described before (20, 28) , in order to reduce the activity of endogenous DNases. All manipulations were carried out at 0 to 4 C. Either frozen (-80 C) or fresh mouse tissues (0.2-0.8 g) were homogenized in 10 ml PAP IV buffer (17.1 % sucrose; 15 mM Tris-HCl, pH 7.5; 0.5 mM spermidine; 0.15 mM spermine; 1 mM EDTA; 1 mM EGTA; 25 mM KCl) by douncing 10x in a dounce homogenizer (Pistol A); 5 ml PAP IV + 0.2 % NP-40 were added in two portions and dounced 1x and 2x respectively; the homogenate was filtered through cheese cloth and centrifuged 5 min at 3000 x g; the nuclei were washed twice with PAP IV buffer without NP-40 and resuspended in 5 ml PAP IV buffer; the suspension was filtered through scrynell nylon and the E260 was determined by sampling into 1 % SDS, 0.2 M HaOH. Nuclei were pelleted once more, washed in 5 ml RSB,-buffer (10 mM Tris-HCl, pH 7.5; 10 mM HaCL; 5 mM MgClp) and finally resuspended in RSB,-buffer at a DBA concentration of 1 mg/ml. EGTA was added to a final concentration of 0.2 mM.
Exogenous DNase I (Sigma) digestions were carried out for 2 min at 25 °C in I. All reintegrated genomes are more sensitive to DNase I than the genetically transmitted genome. In order to relate the DNase I sensitivity of the Mov-1 M-MuLV DNA and reintegrated MuLV DNAs with other proviral and cellular genes the blots shown in Fig. 1 were hybridized with an AKR-MuLV specific cDNA probe (8) and a mos-specific plasmid probe (30). The single genetically transmitted ecotropic AKR proviral DNA (in a 20 kbp Eco RI DNA fragment (8)) appeared in a DNase I resistant chromatin conformation in both tumor and non-tumor (not shown) tissues from Balb/Mo and Balb/c mice. Other endogenous viral sequences can cross-react with AKR-MuLV cDNA probe using hybridization conditions allowing some base-pair mismatching (8) (Fig. 1, panel 2) . These cross-reacting endogenous proviral sequences also appeared rather resistant to DNase I. In addition we probed the DNase I sensitivity of the cellular homologue of MSV speci-fie mos-sequences as an internal reference of a cellular non-viral gene. These sequences vere previously identified in a 1U kbp Eco RI DHA fragment from uninfected mouse cells (30). The cloned cellular DHA fragment contains an uninterrupted stretch of about 1.1 kbp homologous to Mo-MSV specific sequences; a clone, pMSV-31 (30), containing this mos-specific DHA fragment was used as a probe. These analyses revealed that also the cellular homologue of the viral mos-sequences is in a DBase I resistant chromatin conformation in M-MuLV-induced tumors.
In conclusion, proviral genomes in M-MuLV-induced tumors were detected in three different DNase I sensitivity classes of chromatin; the genetically transmitted AKR-MuLV and Mov-1 M-MuLV DHA were found in DNase I resistant configurations like the c-mos gene and proviral genomes cross-reacting with AKH-MuLV cDNA. Somatically acquired M-MuLV related sequences in tumors, however, fall into two classes, one displaying moderate sensitivity and one showing hypersensitivity to DNase I.
Location of DNase I sensitive sites with respect to proviral genomes
Previously it was established that M-MuLV-induced tumors contain both authentic and recombinant MuLV proviral sequences that display a general structure as shown in Figure 2 (5). The recombinant MuLV proviral DHAs display some very characteristic restriction sites not present in authentic M-MuLV proviral DNA: an Eco RI site at 6.9 kbp and a Bam HI site at 6.3 kbp. To determine whether fragments hypersensitive to DBase I comprize 3'-ends of recombinant MuLV genomes or sequence information for authentic M-MuLV and/or a 5'-part of a recombinant MuLV, Eco RI DHA fragments of the tumor M9 (Fig. 1) were hybridized to three M-MuLV-specific plasmid probes (5). These probes recognize different parts of the M-MuLV genome (Fig. 2) , and are capable of recognizing M-MuLV-specific sequences among the background of endogenous viral genomes (5). Fig. 3 shows that fragments that are hypersensitive to DBase I all hybridize to MS-2, MS-3, and MS-14.
This indicates that these fragments contain either an authentic M-MuLV genome and/or a 5'-part of a recombinant MuLV DNA (up to the Eco RI site at 6.9 kbp). Furthermore, the intensities of hybridization of some Eco RI DHA fragments indicates the presence of at least two proviral copies among such fractions. Additional restriction analyses (see last section) revealed that the two DHase I hypersensitive Eco RI fractions (Fig. 1) contain only a 5'-end of a recombinant MuLV provirus. Hone of the fragments which only hybridized to MS-2 and therefore contain 3'-parts of reintegrated recombinant proviruses were hyper- To elucidate the structure of this new fragment DNA fractions were isolated after Eco RI digestion of DNA which was isolated from nuclei treated with DNase I at a concentration of 2.1 ug/ml as shown in Fig. 1 . Subsequently, DNA from each fraction was cleaved by Bam HI, Pst I, and Sac I (Fig. h) . Lane 8 represents a fraction containing predominantly 7-0 kbp Eco RI DNA fragments.
The newly emerging 7-0 kbp DNA fragment appeared to be derived from the 5'-part of one or several reintegrated recombinant proviruses since only restriction fragments diagnostic for recombinant MuLV DNA (Fig. 2) were detected in this (Fig.  1 ), was restricted with Eco RI, fragments separated on a 0.6 % agarose gel and the gel part containing the 6.5-7.5 kbp Eco RI DNA fractions was sliced into 11 fractions (lane 1= 6.5 kbp; lane 11= 7-5 kbp): each fraction was subsequently analyzed by further restriction with Bam HI, Pst I, and Sac I respectively, and Southern blots were screened with a M-MuLV specific cDNA probe. Lanes 12 contain an Eco RI digest of tumor M9 DNA, isolated from DNase I treated (2.1 ug/ml) nuclei. Large numbers indicate the length of fragments hybridizing to the M-MuLV specific cDNA probe in each gel-slice.
to MS-2, MS-3, and MS-U probes (lanes e-g), but was only visible after long exposures (not shown).
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nev fragment (Fig. h) . Therefore, the specific degradation of some recombinant proviral DNAs in chromatin by DBase I must be ascribed to a DHase I hypersensitive site around the junction of the 5'-LTR and cellular sequences ( Lane 3 (Fig. h) represents the fraction containing predominantly 6.7 kbp
Eco RI DNA fragments. The 6.7 kbp Eco RI DUA fragment, which hybridizes to the M-MuLV specific cDNA probe, represents a 3'-end of a recombinant MuLV genome as also Bhown by the differential hybridization characteristics against the MSplasmid probes (Fig. 3) . Cleavage by Bam HI, Pst I, and Sac I ( The function of the exposed sequences at the 5'-ends of proviral DNA is still obscure. Previously, exposed sequences have been mapped at the initial portion of the mRNA leader sequences of the histone genes H3, HU, H2A, and H2B
in Drosophila melanogaster (25) . Also, the putative regulatory sequence near the center of both the Drosophila and Xenopus 5S RNA genes is packaged in an exposed linker configuration (35). Therefore, the exposed sequences might represent interaction sites with specific regulatory proteins or present exposed DNA sequences for binding of RNA-polymerase. Weintraub (27) The relative broadness of the band, representing the newly emerging fragment at around 7.0 kbp after DNase I digestion and Eco RI cleavage (Fig. 1) suggests the presence of several closely positioned DNase I hypersensitive sites in front of or at the start of the 5'-LTR of some recombinant proviruses.
Such closely positioned sites, which can span up to 300 bp, have also been found at the 5'-ends of heat-shock genes in Drosophila melanogaster (2U.26).
Since hypomethylation has also been postulated as a characteristic, though not sufficient marker associated with active genes (23,37-1*2) we have also determined the extent of base methylation at Hpa II/Msp I recognition sequences. Therefore, these copies are most likely responsible for leukemic transformation.
Cloning of these proviral sequences, selected by virtue of their DNase I hypersensitive configuration, will hopefully enable us to study the role of these recombinant genomes and flanking cellular sequences in the transformation process.
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